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INTRODUCT i ON

A new design concept for the Landing Vehicle Assault (LVA) has
been developed by the Marine Corps Development and Education Command
(MCDEC). This planing hull has an overall length of 31 ft, 8 in. with
transom flap retracted and a beam of 11 ft. A unique feature of this
design is the large full-span transom flap which increases the overall
length to 35 ft, 9 in. when deployed in the water, The twin waterjets
are installed on the trim flap. The hull lines in the bow area have
inverted-vee sections, washing out to relatively low deadrise aft,

The design is intended to operate without auxiliary hydrodynamic surtaces
and there is no provision for either bow flaps or chine flaps, This con-
cept is designed to make best use of the space available within the

profile, to have improved performance due to increased length and reduced

impact loads due to the bow lines,

The MCDEC LVA design concept differs significantly from other LVA
designs that have been model tested, Consequently a program of model
tests was undertaken to document the performance and seakeeping charac-

teristics of the MCDEC LVA, and allow comparison with other LVA design
concepts,

MODEL

A 1/12-scale model was built to MCDEC Dwg. No. 760305; a sketch
of this design showing the principal features is inciuded on Figure 1,
The model was constructed of high density polyurethane foam, reinforced
with fiberglass sheet and covered with glass cloth and resin, The model
dimensions corresponded to an overall length of 35,75 ft, including the
adjustable 4,92 ft full-span flap, a beam of 11 ft and a depth of 8 ft.
The prototype depth is 6.6 ft and the model height was increased to
provide added freeboard for testing purposes; this added height was
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painted black, whereas the rest of the model was red. The bottom of the
modei was painted with black lines at | inch intervals from the transom

for the purpose of estimating wetted areas from underwater photographs.

The model was towed through a reference point, which was the
center of moments in the fixed-trim tests and the pitch axis in the free-
to-trim tests., This reference point corresponded to a position 12,06 ft
forward of the transom (LCM) and 3.45 ft above the baseline (VCM). Ballast
weights were adjusted in the model to achieve a pitch radius of gyration
equal to 25% of the overall length about the CM. Accelerometers were
mounted in the model for rough water tests, at the driver's station, for-
ward end of the troop compartment, LCM and the aft end of the troop
compartment located 20.4 ft, 17.1 ft, 12,06 ft and 2 ft respectively
forward of the transom,

APPARATUS AND INSTRUMENTATION
Smooth Water, Fixed Trim Tests

The model tests were carried out in Davidson Laboratory's Tank 3
facility. Figure 2 shows the fixed trim test setup of the MCOEC LVA model,
The model was free-to-heave, but was restrained in yaw, roll, sway and
trim, The dual heave masts, which translated vertically through teflon
roller bearings, incorporated a drag balance at their base capable of
measuring up to 50 Ib of drag. This apparatus in turn was coupied to
the model through a'pltch moment baiance and adjustabie trim-'ocking block.
The trim axis was located at the pitch moment center: 12,06 feet forward

of the transom and 3.45 feet above the bascline,

The apparatus included an unloading arm for adjusting the vertical
load on the water and a remotely-controlled pickup mechanism for raising
and lowering the model reiative to the fres water surface before and after
each run,

In addition to the drag and pitch moment transducers in the balances,

a trim inclinometer was used to set the trim and measure the running trim

angle, A heave transducer recorded the vertical motion of the trim axis.
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The signals from the transducers were relayed by overhead cables
to the data station on shore where they were filtered (40 Hz low pass)
and processed by an on-line POP-8e éomputer, which includes an analog-to-
digital converter. The results were printed on a teletype and stored on

digital magnetic tape. All data channels were monitored on an oscillograph,

An underwater picture setup was stationed along the tank in the
data gathering section., This included a mirror on the tank buttom for
directing a view upwards to the model to obtain wetted lengths; samples
of the pictures obtained are included on Figures 3 and &,

Smooth and Rough Water, Free-to-Trim Tests

For these tests the pitch moment balance and trim block were
removed from the model and replaced with a pitch pivot box whose vertical
axis was 3.45 feet above the baseline, A rotary transducer measured the
pitch motion. A wave strut mounted forward and to port of the MCOEC model

was used for checking the number of waves encountered during each run.

The Tank 3 plunger-type wave maker located at the far end of the
tank was used to produce a reproducible series of 100 irregular waves
having a variance density corresponding to the Pierson-Moskowitz spectrum,
A stationary wave wire was installed mid-way in the tank to calibrate
the wave spectra used in these tests, The spectrum used in these tests
had a significant height of 2.2 ft and is compared with the Pierson-
Moskowitz spectrum on Figure 5,

A bow quarter view of the model negotiating waves was taken through
a black and white television camera, and a video-tape recording was made
of each run., Color motion pictures were alsc taken of the model running
in waves and an edited film of these runs composed.

The on-line POP-8e computer was used to analyze the filtered time

histories (4O Hz low pass) which were recorded simultaneously on anaiog

[ —

magnetic tape and on an oscillograph,
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DATA PROCESSING

The instrumentation was caiibrated by appiying known displacements
3 to the motion transducers and wave strut, known loads to the drag balance,
and gravity multiples to the accelerometers, All calibrations wers
processed by the on=1ine computer, All caiibrations were linear and a
'"Meast-squares'' technique was used to determine the caiibration rates,
which were spot-checked daily.

The primary measured quantities included the drag, trim, draft,
pitching moment for the fixed=trim tests and the acceierations in rough
water, The velocities were computed from the time taken to travel through
the measuring sections which was 50 ft for the calm water tests and 140 ft
for the rough water tests. During data collection all data channels were
scanned at a rate of 250 Hz and the results stored in the computer for

appropriate processing.

The position of the center of pressure (CP) was calculated for aii
runs using the mean trim and either the mean pitching moment or the CG
position for the fixed and free-to-trim tests respectively, The center

¢ of pressure is defined as the intersection of the resuitant hydrodynamic
force vector with the baseline and its position is measured from the
trailing edge of the flap along the baseline,

< Hydrodynamic Force Vector

(Sketch not to scale)

4
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For the free=-to-trim tests

o LCG + LCM(D/L) tant - VCGtant + VCM(D/L)

cp 1 + (D/L) tant

and for the fixed-trim tests

M + VCM(D cost - L sint)
L cost + D sint

CP = LCM +

where CM = center of moments, tow point and plitch pivot

L = 11ft = weight In free-to-heave tests
D = drag

M = hydrodynamic pitching moment about CM
T = trim

The mean draft and trim readings were used to caiculate the
"static keel wetted length,' that is the wetted length without allowing

for wave rise,

The static keel wetted length is found by soiving the equation

o 4 = cost k(SKWL)
sing

SKwWL

whaere d = draft
T = trim

k(x) = equation of keel profile

For a stralght keel [k(x)=0] the "static'" w-ited length is simply given
by d/sint, The static wetted length was subsequently correiated with the
dynamic wetted length determined from the underwater photographs,

Tt VY e
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For the irreqular wave tests the mean values described above were
computed and in addition a peak-trough analysis was carried out for the ]
pitch, heave and four accelerations, The heave is defined as the excur- »
sion of the CM relative to the still water surface, Tne peak-trough
analysis computes for each signal the mean and rms, the number of
oscillations, the average of the peaks and troughs, the average of the
1/3-highest and the 1/10-highest peaks and troughs and the extreme values
of the peaks and troughs, These are output in a two-line format:
mean/rms and peak/trough., In the statistical analysis spurious oscilla-
tions are suppressed by means of 'buffers." (Buffers are selected so as
to prevent the detection of substantial maxima and minima in correspond-
ing steady-state calm water runs. A substantial maximum (minimum) is < A
defined as any maximum (minimum) succeeded by a decrease (increase) in ;
signal level at least equal to the magnitude of the stipulated buffer }
size.) Typical buffers employed in these tests were 0,5 degree pitch,

0.1 inch heave, 0,25 g acceleration, and 0.2 inch wave, In addition,
for selected runs, spectral analyses of the vertical accelerations were !
performed and converted to 1/3-octave rms format for comparison with ,

the habitability criteria,

TEST PROGRAM AK: PROCEDURE

The test program included irregular head-sea tests and calm water
fixed-trim tests. All tests were made with the model free-to-heave,

Head Sea Tests

The bulk of the rough water tests were run at a gross weight of
55,000 1b, speeds of 20, 25, 30 and 35 mph and at LCG positions relative
to the transom of 9.06, 10,56 and 12,06 ft. At each spead and LCG posi-

tion the transom flap angle was varied so as to define a minimum drag.

Transom flap angles up to 15 degrees were used with the art CG, and up
to 5 degrees with the forward CG. In addition tests were made at a
weight of 60,000 1b, speeds of 20, 25, 30 and 35 mph, at an LCG of
12.06 ft for flap settings of 0 and 5 degrees,

6
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All head sea tests ware run in the same irreguiar wave having a
significant height of 2,2 ft. In addition to the above main program,
low speed tests were run at 55,000 lb displacement, with the LCG at
10.56 and 12,06 ft, with zero flap deflection and at speeds of 5, 8, 11,
14 and 17 mph,

NMeasured quantities included the speed, resistance, pitch and
heave motions and accelerations at the driver's position, forwurd troop
compartment, nominal LCG (12,06 ft forward of transom) and the aft troop
compartment, Derived quantities included the center of pressure position
and the static keel wetted length,

Calm Water Fixed Trim Tests

The main calm water test program was run using the fixed-trim,
constant-load test technique, This is also known as the general planing
test technique. The data obtained «n this manner provides the broadest
characterization of planing crafi; allows for changes in load, CG position
and shaft line position, and provides the basis for the most accurate
expansion of the data to full-scale, The equilibrium running attitude of
the craft is determined from the expanded full-scale data allowing for

thrust unloading and thrust momant,

The objectives of the calm water test program included: the
determination of the relationship between the static heel wetted length
(SXWL) and the dynamic wetted length determined from underwater photo-
qraphs; the detormination of tha relationship between trim and wetted
lenath for a range of load;: the dotermination of the variation of center
of pressure with wetted length, and the determination of the added lift,
drag and pitching moment due to flap deflection,

These relationships are desirabie in order to expand the data from
model scale to full sizec, The mean static heel wetted length can be
measured in rough water as well as calm water and hence, from the calm
water tests, the dynamic wetted longth and area in waves may be datermined,
This allows the direct expansion of the rough water resistance without the

nees v determine the added resistance in waves, A knowledge of the effect

1 250 ] R Y Ko 2k ooy ot et ot 4 pele of ol im © s oton e et S
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of load on the wetted length for given trim providas the basis for allow-
ing for the effect of the thrust vector on load as wel! as providing for

a range of gross weights, The location of the hydrodynamic center of
pressure is needed to provide for a range of CG and thrust vector positions,
Characterization of the forces and moments generated by flap deflection
provides for performance prediction at arbitrary flap angle,

The bulk of the calm water fixed trim tests of the MCDEC LVA was
carried out for the following matrix of conditions:

Load, b hh,375, 62,125
Speed, mph 20, 25, 30, 35
Trim, degroes 6, 8, 10, 12

Flap deflection, degrees 0, 5, 10

With zero flap defiection, the load range was subsequoently expanded and
coverad in more detall, providing for loads from 30,000 1b to 80,000 1b

In increments of 9,000 1b; in these tests the dynamic wetted length was
not measured, This set of data was obtained with the objoct of systemiz-
ing the data (curve fitting) and automating the process of data expansion,
This objective was not attained within the scope of this program, howevor
the data Is included in the results and could be usod as the basis of an
automated program if the neod arisos,

Moasured quantities included speed, trim, transom draft, dynamic
wetted longth, resistance and pitching moment, Derived quantities

Included the center of prassure position and the static wotted longth,

RESULTS AND DISCUSSION

The rougn water data obtained with the MCDEC model has beon expanded
to fuli-scale and is presonted In Table 2 for a gross weight of 55,000 ib
at speeds of 20, 25, 30 and 35 mph and flap angles of 0, 2, 4 and 6 degroos,
This data covers a range of LCG from approximately 7 to 13 ft forward of
the transom, This presentation makes full allowance for tha effect of the

thrust vector which moves with the transom flap, inciuding unloading due

i i o F i Q ; e a - — o —
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to the vertical component of the thrust and pitching due to the angle of

the thrust, The method of expansion is described in the Appendix where the
raw model data is also presented,

The tabulated values at each speed cover a range of trim for each
flap angle and show the corresponding full-scale resistance and the LCG
position required to balance the craft at each trim. As a measure of the
craft's acceleration the average 1/10-highest acceleration at the driver's

station is included in the table for speeds of 25, 30 and 35 mph.

The resistance and acceleration as functions of LCG position are
shown graphically on Figures 6 to 9, with flap deflection as parameter,
for speeds of 20, 25, 30 and 35 mph. This presentation shows that in
order to keep the accelerations low, the CG should be as far forward as
possible and that at a given LCG increasing flap deflection decreases the
accelerations, A too forward LCG, howeveir, causes a rapid rise in drag
due to wetting of the bow, for example see Figure 8, and may be expected

to lead to spray and visibility problems especially at hump speed,

As far as drag alone is concerned, a combination of aft CG and
positive flap angle results in the lowest drag. Both these actions tend
to 1ift the bow out of the water and the positive flap angle actually
permits operation at lower trim {more forward CG) before the bow wetting

supervenes,

1t is clear that at 35 mph, Figure 9, operation at the minimum drag

condition would result in large accelerations, In order to reduce the
accelerations the CG must be moved forward and this forward movement is
limited, not so much by the drag increase at 35 mph as by the drag increase
at the hump speed of 20 mph, An attempt to illustrate this situation has
been made on Figure 10 where contours of constant LCG position and constant
flap deflection are shown on a grid of driver's acceleration at ,, mph
versus resistance at 20 mph, As the LCG is moved forward at zero flap
deflection, the high speed acceleration drops rapidly at first with little
increase in hump drag while later there Is more penalty in hump drag for

a given reduction in acceleration, At the other extreme with U degrees
flap deflection, shifting the CG forward to reduce the acceleration is

ralatively costly in hump drag.
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A compromise between the confiicting demands of low accelerations
at cruise speed and low hump drag, depends on the weights assigned to
these two characteristics, It is assumed that preference should be given
to lowering the acceleration, which potentially can be reduced more than
Lo percent, rather than the hump drag which at best can oniy be reduced
10 percent. The lowest acceleration is attained with 4 degree fiap
deflection at a 12 ft LCG, however at this condition the 35 mph drag is
12,600 ib which seems too high: the available thrust at this speed is
of the order of 13,500 Ib, The point at 4 degree flap and 11.5 ft LCG
is eliminated for similor reasons., The next choice is 2 degree fiap
deflection at 11,5 ft LCG. This combination appears satisfactory at all
speeds and has the advantage that the flap setting can be fixed through-
out the speed range. The low speed data for the 11,5 ft LCG and 2 degree
flap setting is given in Table 2.5,

Rough Water Performance

The rough water perfcrmance characteristics of the MCDEC LVA, in
head seas having a significant wave height of 2,2 ft, at a gross weight
of 55,000 1b, 11,5 ft LCG with 2 degree flap deflection are shown on
Figure 11,

The maximum resistance of 14,200 1b occurs at a speed of 20 mph and
the resistance decreases to 10,800 1b at the cruise speed of 35 mph, These
drag values do not include allowance for windage, The maximum mean trim
is 8.6 degrees at 24 mph, falling to 7.2 degrees at 35 mph, A 25 percent
thrust margin at 20 mph would allow the craft to accelerate from 15 to
25 mph in about 6 seconds. With water jet propulsion this level of thrust
would require a power input to each pump of approximately 1,200 SHP, The
thrust available at 35 mph would then be about 14,000 1b giving a thrust

margin of 30 percent at cruise speed,

10
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Rough Water Motions and Accelerations

For the MCDEC LVA at 55,000 ib gross weight, 11,5 ft LCG, 2 degree
flap deflection, In head seas having a significant wave height of 2,2 ft,
the accelerations at the driver's station, forward troop compartment,
nominal CG and aft troop compartment location are given in Table 3. These
locations are 20.4, 17.1, 12,06 and 2 ft respectively from the transom,

The accelerations have been processed by a 1/3-octave rins analysis and the
results for each station are given for speeds of 25, 30 and 35 mph, Also
included in the table are the total rms acceleration and the average 1/3 and
1/10-highest accelerations; the significant motion double amplitudes are
included in Table 3.3.

The variation of the significant motion double amplitudes with speed
is shown on Flgure 12, The minimum motions occur at 20 mph when the craft
pltches * 2.5 degrees and heaves + 0.6 ft. The motions increase at lower
and higher speeds: to & 3,25 degrees and = 0.9 ft at 35 mph and to similar
amplltudes at 10 mph,

The variation of the average 1/10-highest accelerations at four
locations as a function of speed is shown on Figure 13, As would be
expected the maximum acceleratlons occur at 35 mph amounting to 2,5 g for
both the driver and the forward end of the troop compartment, The driver's
acceleration is reduced to 1.9 g by slowing down to 30 mph and is 1,1 g at
25 mph, At 35 mph the average 1/3 and 1/10-highest acceleration are

linearly related to the rms acceleration:
"y3 " L.49 (RMS - 0,11)

/1o ™ 7.16 (RMS = 0,14)

These equations apply to all locations at 35 mph and have a precision of
x 10%.

O P

Slince the largest acceleratlons are experienced by the driver, S
the 1/3-octave rms acceleratlons at the drlver's station are shown on
Figure 14 for speeds of 25, 30 and 35 mph, Also shown on this piot is

the |SOl "fatlgue decreased proflciency' boundary for one hour exposure,

11
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together with the proposed2 "10% motion sickness incidence line' for one

hour exposure applicable to frequencies less than 1.0 Hz,

it is evident that the 35 mph ride quality at the driver's station
is satisfactory by the 1S0 criterion, due primarily to the fact that the
driver is 10 ft aft of the bow., The fact that at 2 Hz the rms accelera-
tlon Is 1.4% above the 150 value of 1,7 m/s® should not be a matter for
concern, The rms acceleration in each 1/3-octave is a statistical estl-
mate and llke all such estimates is subject to variatlon, In fact for the
estimates shown on Figure 14 the 90% confldence bounds are * 25% of the
values plotted. Thus at 35 mph and a frequency of 2 Hz, there is a 90%
probability that the rms acceleration will lie anywhers in the range
1.29 to 2.16 m/s®. Consequent ly no particular significance should be
attached to the observed value of 1,724 m/s®.

e N e A T 4197

It may be noted that the peak in the rms acceleration at 0.8 Hz
corresponds to the peak in the wave spectrum at 0.25 Hz. Moreover it can
be shown that when proper allowance for the effect of speed on the fre-
quency of encounter |s made, the 1/3-octave rms accoleration in each

1/3-0ctave band is only dependent on the total rms acceleration,

The variatlon of total rms acceleration with longitudinal position
is shown on Figure 15 for speeds of 20, 25, 30 and 35 mph, At 35 mph if
the driver were located 6 ft further forward the rms acceloration would
increase 35%, raising his average 1/10-highest acceleration from 2.6 to

3.5 g, and result in a marginal rlde quality as judged raolative to the
1S0 guideline,

Flow and Spray Characteristics

The general behavior of the MCDEC LVA as regards spray and deckh
wetness may be judgad from the motion picture that forms part of this
report and has beon supplied to the Marine Corps Development and Educa-
tion Command. This film shows the model running at constant speeds
corresponding to 5 to 35 mph, including an accelerated run from 0 to
35 mph at 0.7 fps' (correspording to a thrust margin of BX% at hump),

In head scas at a welght of 55,000 1b with an LCG of 10,56 ft,

12
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Due to the aft CG location chosen for this fiim the trims are somewhat
higher and the motion excursions more pronounced than they wouid be with
the recommended LCG of 1.5 ft,

In viewing this film it should be noted that the bottom of the
black band visibie on the modei represents the top of the deck of the
MCDEC LVA. The craft rides comfortabiy at 5 mph while at 10 mph water is
occasionaily taken on the deck. At 15 mph spray is occasionaliy thrown
well above deck level but forward and to the side. This spray is notice-
ably higher at 20 mph, however there seems to be no evidence of deck
wetting, The craft is riding high with no spray problems at 25 and 30 mph
but the burbie at the forefoot may be expected to iead to air ingestion

due to the inverted-vee bow, The craft looks very cliean at 35 mph,

The problem of air entrainment under the huli is of concern for ail
craft employing water jet propulsion, especialily those with either fiat
or inverted-vee bottoms. This situation is [llustrated by Figures 3
and 4. These underwater pictures were taken in caim water at speeds
corresponding to 20 and 25 mph, The boat was at iight load, 44,375 1b
with the transom fiap deflected 10 degrees. Even in calm water it is
evident that the bow ingests a significant amount of air and it shouid be
noted that there is a ventilation bubbie at the fiap hinge line. Since
the pump intakes are located at the ieading edge of the transom flap,
ventilation in this area is likely to degrade pump performance, In the
absence of the transom flap, ventilation in this area wouid be expected
due to the discontinuity in the buttock iines, see Figure i, With the
transom flap in place it should act as an effective ventiiation piate
against atmospheric air. The source of air for the ventilation bubbie
is not certain: it could come from the fiap hinge on the model which
was tight but rot sealed, alternatively the bubble might be fed by the
entrained air from the bow. This probiem is iikeiy to be more severe in

full=scale where there is more air dissolved in sea water than in the
tank water,

)
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CONCLUDING REMARKS

Model tests of the MCDEC LVA design concept have been conducted in
calm water and head seas having a significant wave height of 2.2 ft, in

order to provide a basls for comparlson wlth other LVA designs.

At a gross weight of 55,000 1b it is found that optlmum performance
of the craft, aimed at minimizing both high-speed accelerations and hump
drag, is obtalnad with an LCG 11,5 ft forward of the transom and a transom
flap deflection of 2 degrees throughout the speed range. The lift-drag
ratio at the hump is 3.9. The hump speed of 20 mph corresponds to a
volume Froude number of 1.7 and, at the hull slenderness ratio of 3.4,
it Is'considered that the lift-drag ratlo of 3.9 is the best that can be
expected of this class of hull, This low hump drag is obtained with the
tracks retracted and the track-wells completely sealed and dry. |If the
tracks were flooded the resultant loss of buoyancy would be expected to
degrade the hump drag. The good performance at the hump is due to the
easy bow lines and the increase In length provided by the large retract-
able transom flap. The Installatlon of the twin water jets on the
transom flap results In the thrust vector rotating as the flap is deflected,
however it 1s found that the change in trimming moment due to this rotation
is Insignificant, With sufficlent power Installed to obtain a 25 percent
thrust margin at hump speed, the thrust margin at 35 mph is expected to
‘be of the order of 30 percent. With this amount of power the MCDEC LVA
deslgn could be expected to attain a maximum speed exceedling 40 mph but

only at the cost of ralsing the driver's acceleration from 2,5 to 3.5 q.

The accelerations at the driver's station at 35 mph in Sea State 2
are found to be acceptable by the 150 standard. The driver is located

20 ft forward of the transom. Slnce the acceleratlons fall off toward

e o bl SNt -

the stern and all occupled spaces are aft of the driver, It follows that
the ride quality is acceptable for all personnel. The accelerations
diminish as the speed |Is reduced and slowing down from 35 to 25 mph

reduces the accelerations by a factor of 2.5. The accelerations are

14
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of the order of 20% smaller than those found for the FSHV3

relative location in either craft, Heaving and Pitching motion ampli-

at the sama

tudes seam to be similar to those found for FSHV,

Observations of the craft running in waves give the impression
that this is a relatively clean hull, allowing for the fact that it Is
short and heavily loaded, There is little evidence of green water on the
deck, At 25 mph when the bow impacts waves, the bow spray is thrown very
high but appears to be appropriately deflected forward and to the side,

Even in the tank with its relatively de-aerated water substantial
foaming action takes place in the inverted-vee of the bow suggesting air
Ingestion, The underwater pictures taken in calm water confirm that
substantial amounts of air are entrained and swept aft under the hull
and a ventilation bubble exists at the flap hinge line immediately in
front of the pump intakes., The performance of the pumps under these

conditions is a matter for concern,
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TABLE |

LEADING PARTICULARS OF MCDEC LVA

Displacaement, lb
Beam, ft
Length with transom flap retracted, ft
Length overall, including transom flap, ft
Center of gravity
Forward of transom, LCG, rt
Above baseline, VCG, ft
Pitch radius of gyration, ft
Transom flap
Span, ft
Area, sq.ft,
Stetic floatation

Trim, degrees

Transom draft, ft

55,000
1.0
31.67
35.75

11.50
3.45
9.0

1.0
52.0

0.5
3.4
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TABLE 2,1 !
ROUGH WATER RESISTANCE OF MCDEC LVA 1
AT 55,000 1b DISPLACEMENT i

Speed: 20 mph
*
Flap Trim LCG Resistance
Deflection
degrees degrees ft b :
0 6.0 12.7 1", 870 §
8.0 11.9 14,660 i
10.0 1.2 14,280 |
12,0 10.4 14,060 i
{
2 6.0 12,0 14,394 ¥
8.0 1.3 14,060 §
10.0 10.6 13,750
12,0 9.7 13,650

4 4,0 12.4 14,850 ;
6.0 1.3 13.870 ;
8.0 10.6 13,520 !
10,0 10,0 13,240 :

12,0 8.9 13,190

6 4.0 1.6 14,600 f
6.0 10.6 13,540 g

8.0 10,1 13,110 '

10.0 9.2 12,930 ‘

*
Distance forward of transom
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TABLE 2.2
: ROUGH WATER RESISTANCE OF MCDEC LVA '
AT 55,000 Ib DISPLACTMENT
4
Speed: 25 mph
Flap Trim LCG Resistance Driver's Acceleration
Deflection Avg, 1/10 Highest L
degrees degrees ft b 9 j
0 8.0 13.3 4,160 0.85
9.0 12,5 13,540 1.08
10.0 1.8 12,920 1.27
1.0 11.0 12, 760 1.55 j
12,0 10.3 12,930 1.85
2 8.0 12,1 12,920 1.00
9.0 11.3 12,350 1.22
10.0 10.6 12,210 1.50
11,0 9.8 12,310 1.80
12.0 9.2 12,950 2,15
4 6.0 12,2 13, 800 0.75 *
7.0 1.5 12,690 0.9%
8.0 10.8 12,040 1.18 'k
9.0 10,1 11,791 1.48
9.5 9.8 11,730 1,65
10.0 9.4 11,720 1.85
T 10.5 9.1 11,980 2,04
J
6 5.0 1.6 14, 360 0.63 :
6.0 1.0 12,730 0.85 3
7.0 10.4 1,860 1.10
, 8.0 9.7 11,370 1.45 i.
g 9.0 8.9 1,200 1.85 ’3

2 9.5 8.6 11,440 2.10
L 10.0 8.2 11,790 2.3?7
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TABLE 2.3

ROUGH WATER RESISTANCE OF MCDEC LVA
AT 55,000 1'b DISPLACEMENT

Speed: 30 mph

Flap Trim LCG Resistance Driver's Acceleration :
Deflection Avg. 1/10 Highest ;
degrees degrees ft b g ’ j
0 8.0 13.4 13,560 - 3
8.5 12,7 12,130 - g
9.0 1.9 1,860 2.10 ?
10,0 10.5 11,980 2.67 : 3
1.0 9.4 12,560 4,00 g
2 7.0 12.6 12,330 1.78 %
7.5 1.7 1,430 1.95 ;
8.0 10.8 1,090 2.25 |
9,0 9.7 11,390 3.25
10.0 8.4 11,880 5 ‘ f
:
4 6.0 1.5 11,670 1.40 i
6.5 10.8 11,030 1.9% é
7.0 10,1 10,780 2.50 %
7.5 9.4 10, 700 3.10 §
8.0 8.8 10,810 3.75 2
9.C 7.7 11,300 -

6 5.0 10,8 12,180 1.50

5.5 10,1 10,810 2.10

6.0 9.3 10,180 2.70

6.5 8.7 10,090 3.35

7.0 8.0 10,290 4,00

8.0 6.9 10, 840 5




Flap
Deflection
degrees

0

ROUGH WATER RESISTANCE OF MCDEC LVA

Trim
degrees

7.5
8.5
9.5

6.0
6.5
7.0
7.5
8.0

4.8
5.0
5.5
6.0
6.5
7.0

4,0
L,25
4.5
5.0
5.5
6.0
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TABLE 2.4

AT 55,000 1b DISPLACEMENT

Speed:

LCG
fe

1.8
9.8
8.3

12,1
10,8
9.6
8.8
8.1

1.5
10.8
9.4
8.4
7.6
7.0

9.6
9.0
8.4
7.5
7.0
6.4

35 mph

Resistance
1b

10,830
10,580
10,980

1,290
10,280
9,920
9,950
10,120

11,860
10,820
9,780
9,280
9,350
9,530

10,990
9,710
9,220
8,720
8,840
9,100

Driver's Acceleration
Avg. 1/10 Highest

9

2.58
4,30
6.08

2.25
3.13
4.00
4,85
5.75

2.77
3.63
.52
5.40
6.27

3.00
3.45
3.88
4.75
5.65
6.50

TR
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TABLE 2.5

ROUGH WATER RESISTANCE OF MCDEC LVA
AT 55,000 1b DISPLACEMENY

Low speed data for LCG = 11.5 ft

Speed Trim Resistance
mph degrees 1b
10 1.20 L,660
4 3.60 10,510

-

W L A L =
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TABLE

3.1

ROUGH WATER ACCELERATIONS, HEAD SEA 2.2 ft SIGNIFICANT HEIGHT
2° FLAP DEFLECT10N

55,000 1b 11,5 ft LCG
DRIVER'S

Speed, mph

1/3-0ctave
Center Frequency
Hz

.25
315
A
5
.63
.8
1.0
1.25
1.6
2.0
2.5
3.15
L,0
5.0
6.3
8.0
10.0

Total RMS acceleratlion, g

Average 1/3-highest, acceleratlion, g

STATION

20 25

30 35

RMS Acceleration, /s

.10
A3
.56
.82
1,09
1.19
1.05
8
.82
.66
L5
.37
.31
.26
.22
15

186 .259
L3079

Average 1/10-highest, acceleratlon, g .63 1,08

.10 .10
8 L9
.63 .65
1,06  1.12
1.47 1,57
1.64 1.84
.32 1.76
1.35  1.54
.43  1.61
1.3 1.72
96  1.32
69 1,18
641,10
.52 .92
16 .80
.35 .69
.22 45
L1000 500
1.37  1.70
1.90 2.48



R-1957

-

TABLE 3.2

ROUGH WATER ACCELERATIONS, HEAD SEA 2.2 ft SIGNIFICANT HEIGHT
55,000 1b 11.5 ft LCG 2° FLAP DEFLECTION

FORWARD TROOP COMPARTMENT

Speed, mph 20 25 30 35
1/3-0ctave 2
Center Fregquency RMS Acceleration, m/s
Hz
25 .10 .09 .10
315 .39 A3 46
A 51 57 .60
5 JTh .95 1,04
.63 97 1.32 1.45
.8 1.04 1.45 1.69
1.0 .90 1.15 1.60
1.25 .78 1.15 1.39
1.6 .68 1,22 1.L46 ’
2.0 .56 1.15 1.56
2.5 .38 .82 1,20
3.15 .30 .59 1.10
4.0 .27 .56 1,04
5.0 .22 L6 .88
6.3 .19 A0 77
8.0 b .32 .69
10.0 .10 .22 A8
Total RMS acceleratlion, g A5k .227 <364 478
Average 1/3-hlghest acceleration, g .37 .69 1.21 1.63

Average 1/10-highest acceleration, g .50 .95 1.73 2.k2 .
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TABLE 3.3

ROUGH WATER ACCELERATIONS, HEAD SEA 2,2 ft SIGNIFICANT HEIGHT

55,000 1b 11,5 ft LCG
CENTER OF GRAVITY

Speed, mph 20

1/3-0ctave
Center Frequency
Hz

1.0
1.25
1.6
2.0
2.5
3.15
4,0
5.0
6.3
8.0
10.0

Total RMS acceleration, g Jd21
Average 1/3-hlighest acceleration, g .28
Average 1/10-hlghest acceleratlon, g b

Average 1/3-highest double ampllitude:
Pltch, degrees 4.8
Heave, ft 1.2

25

15

L7
1.b

2° FLAP DEFLECTION

30

.08
.37
U8
e
1,08
1.18
.92
.90

.68
.52
.39
.38
.30
.29
.23
.18

.27“

1.21

5.6
1.6

35

RMS Acceleration, m/s>

.353
1.13

1,78

6.4
1.9
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TABLE 3.4

ROUGH WATER ACCELERATIONS, HEAD SEA 2.2 ft SIGNIFICANT HEIGHT
55,000 1b 1.5 ft LCG 2° DLAP DEFLECTION

AFT TROOP COMPARTMENT

Speed, mph 20 25 30 35
| 1/3-0ctave b
“;; Cent;; Frequency RMS Acceleratlon, m/s

25 .08 .08 .06
315 .28 .30 .31
A .36 .39 Lo
5 .50 .62 .66
.63 .64 .84 91
.8 .63 .86 .98
1.0 46 .59 .72
1.25 .J2 L8 .50
1.6 .21 .37 48
2.0 16 .21 A6
2.5 .09 A5 L2
3.15 .08 .16 b
L.,0 .07 R A
5.0 .06 .08 .39
6.3 N 2 .36
8.0 ‘ o605 L3
10.0 - .0l .19
Total RMS acceleration, g .092 120 162 213
Average 1/3-hlghest acceleratlion, g .23 .29 b .57

Average 1/10-highest acceleration, g .29 .36 L6 .92
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FIGURE |  MCDEC LVA HULL LINES
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APPENDIX A

MODEL RESULTS, ANALYS!S AND FULL~-SCALE PERFORMANCE PREDICTION

Tables of the model results and the methods used to expand them to
full-scale are presented in this Appendix. The method of expar ion
differs in two respects from that descrlbed in previous reports in the
LVA serles3: A new method of expanding the rough water resistance of
planing craft is introduced which avoids the need to identify the added
resistance in waves, and the expansions are carried out at a series of
constant trims where the forces and moments on the craft are brought to
equilibrium at each trim, thus in effect covering a range of CG positions
and flap defiections,

RESULTS

The fixed trim calm water model results are presented in Tables
Al.1 to Al.4 for speeds corresponding to ship speeds of 20, 25, 30 and
35 mph., The entries in the tables include: the run number, the speed;
the deflection of the transom flap; the 1ift or load-on-water; the trim;
the drag, the position of the center of pressure (CP), from the trailing edge
of the transom flap which is 4,92 inches aft of the transom, see page L
of the main text; the dynamic keel wetted length (WL) from the flap
trailing edge, determined from underwater photographs; the static keel
wetted length, see page 5§ of the main text; the parasite drag
(D - Ltant = R - DTANT); the running draft relative to the still water
surface at the center of moments (CM); and the pitching moment on the

hull, positive bow-up, about the CM,

The rough water model results at a displacement corresponding to
a gross weight of 55,000 1b are given in Tables A2,1 to A2.5. Low speed
results covering a range of ship speeds from 5 to 17 mph are given in
Table A2.1, The results for ship speeds of 20, 25, 30 and 35 mph are

A-1
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contained in Tables A2.2 to A2.5. For a gross weight of 60,000 1b the

results are given in Table A2.6. The rough water rasults are presented

s didi e

one run to a page, The three-line heading includes: the load-on-water,
position of the LCG relative to the transom and flap deflection; the
speed, drag, center of pressure (CP) and static keel wetted length (SKWL)

as defined above; the significant wave height and number of waves

2y

encountered, This is followed by the statistics of the motions and

g accelerations, Each data channel has a two-line entry including:

;;; mean/rms; number of oscillations; average of all the peaks/average of all
4 the troughs and similarly for the 1/3 and 1/10 highest oscillations, and
’ ¥ the extreme peak/extreme trough. The Froude scaled data entry shows the

corresponding ship speed and the results of multiplying the model drag
by the displacement ratio Agﬁam = 1775, this approximation ignores the

effects of thrust unloading, thrust pitching moment and Reynolds Number.

DATA ANALYSIS

It would be convenient if the rough water model data could be
expanded to full-scale on a run by run basis, but such is not the case.
To see why this is not so consider Run 92 in Table A2.5, The model and

corresponding full-scale data for this run are compared in the following
¥ table:

1/12-Scale Model Ship
Speed 14,86 fps 35.1 mph
Load on water, 1b 31.0 55,025
Trim, degrees - 6,12 6.12
Wetted length 26 0 in. 26.0 ft
Drag, 1b 7.28 1,765
Gross weight, 1b 31.0 56, 704
LCG forward of transom 12.08 in, 12.52 ft

It is obvious that this run corresponds to a gross weight of 56,700 1b
at an LCG of 12,52 ft rather than the desired values of 55,000 1b at an
LCG of 12,08 ft. The increase in weight is due to the fact that the

A-2
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gross weight is the sum of the load-on-water and the vertical component
of thrust. The effect of the thrust component cannot be allowed for
durling the rough water tests since it is necessary to preserve the proper
value of mass in vertical oscillation to obtain the correct acceleration.
The forward shift in the LCG is due to the excess moment applied by the
horizontal towing force in the model tests compared to the moment provided

by the full-scale thrust vector which is parallel to the transom flap.

Consequently to obtain the rough water drag at a constant value of
gross weight it is first necessary to analyze the model data. The
functional relatlonships that will be needed are discussed in the follow-
ing sections and then used to synthesize the drag. The fundamental plan-
ing quantities are the trim and dynamic wetted length, and it is

appropriate to begin with a discussion of the wetted length,

Dynamic Wetted Length
3

As has been noted previously” it is well established for planing
surfaces in calm water that, at any given trim and speed, the lift, drag
and center of pressure are unijue functions of the wetted length, It
will be argued here that the same applies in rough water to the mean
values of 1ift, drag and center of pressure. The dynamic wetted length
can only be measured in calm water, however the static keel wetted length
(SKWL, see page 5 of the main text) can be determined in both calm and
rough water, Hence a relationship between the dynamic wetted length and
the SKWL may be obtalned from the calm water tests which is assumed to
apply to both calm and rough water., This assumption is subsequently
justified,

The dynamic wetted length used in this report is the keel wetted
length. For example, Figure 4 1s an underwater picture taken during
calm water Run No. 89 and the mean keel wetted length was estimated to
be 21.3 in, from the end of the transom flap, cf Table Al.2. The
dynamic wetted length is shown plotted as a function of the static length
on Figure Al for al! loads, speeds and trims. Tho required relationships
are:
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£= 0 +bb2 g, < 22 (A1)
L= 6864 + 11.24 L, > 22 {(A2)
where L = dynamic keel wetted length, in.
£, = static keel wetted length, in.

These relationships are independent of speed and trim over the ranges
8 to i5 fps and 6 to 12 degrees,

Because of these relationships £ and £, may be used interchangeably
and it is generally more convenient to work with £ . The actual wetted
length £ will be used in the determiration of Reynolds Number and wetted

grea,

LI1ft In Calm and Rough Water

At any given speed the 1ift of a planing craft is a function of the
trim and wetted length, Thls Is illustr -‘ea for a speed of 14,82 fps on
Figure A2 where contours of constant 11ft are shown on a grid of trim
versus SKWL; this plot includes all the zero flap deflectlon data in
Table Al.4, This data was collected over a wide range of wetted length
in the (unrealized) hope of automating the expansion process. This data
may be cross plotted to obtaln curves of 1ift as a funct¢lon of wetted
length at constant trim as has been done on Figure A3.

The rough water tests were carrled out at a load-og-water (11F¢t)
of 31 1b and a curve of trim against wetted length at 14,82 fps for a
lift of 31 1b, from the calm water curves of Figure A3, is shown on
Figure A4, Also shown on thls plot 1s the zero flap rough water data
from Table A2.5 (Runs 104,94,87 and 91). Thls agreement between the calm
water and rough water 11ft characterlstlcs 1s considered to be very satis-
factory, especlally in view of the fact that In rough water the model was
pltching and heaving = 5 degrees and & 1.5 in,

On the basls of thls and similar comparlsons at other speeds, it
Is concluded that the 11ft characteristics are identlcal for both caim
and rough water,

A-b
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Flap LIft and Orag

Whon the flap is deflectod on a planing craft equipped with a
transom flap, the hydrodynamic configuration is changed., This ought to
mean that the entire test matrix of speed, load and trim should be
repoated for each value of flap deflection, As long as the flap Is a
small proportion of the planing area, however, the effect of flap deflec~
tlon may be considered as generating additions to the forces and moments
of the planing craft with zero flap deflection. These additions are
spoken of as the tiap lift and dray, although they only refer to the
Increase in these forces due to flap deflectlion,

Flap LIft

The method of determining the added 11ft due to flap defloc-
tion can best be shown by an oxample. Consldar Run 2 at 14,82 fps In
Table Al.4, For this run with 5 doyree flap doflection the ift is 35 Ib,
the trim Is 5,9 deqrees and the SKWL Is (8,14 in, At the same trim and
wetted length, Interpolating In Flgures A2 and A3, the 1ift with zero flap
doflection is estimated to be 22 Ib, Hence the flap 1ift due to 5 degrea
flap defloction Is 13 1b, Proceeding In the same manner the flap 1ift was
datarminod for all spoeds, loads, trims and flap defloctions, 1t may be
noted that flap angles of 10 degrees resulted in quite short wetted
lengths, this was one reason for extending the ranqe of test conditions
to light loads and hence short wetted lengths as shown on Flgure A2,

in order to obtain comparable conditions with and without flap deflection,
It has beon shownu that flap 1ift can boe exprossed In the form:

L
¢ rE was

L o
F ap\' SF

—
| ]

wher'o F added 11ft due to flap defloction, Ib

©
L]

flap 1ift coefficient

flap area, sq.ft.

g
-y
L]

flap deflection, degreos
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From the date in Table Al, the flap 1ift coefficient for the 52 sq.ft.
transom flap fitted to the MCDEC deslgn 1s found to be

C_ =0.0339 & (A3)

F

In the study of planing surfaces with trim f!apsh the flap 11ft coefficient
was glven as 0.0466, hence the MCDEC flap has an efflciency of 74%. This
Is probably due to the masking effect of the transom and ventilation,
though the longitudinal curvature and transverse shape of the MCDEC flap

compared to a plane flap may also degrade the flap effectiveness.

At any given speed the flap 11ft Is proportional to the flap
deflectlon. For example at 14,82 fps, from Equation A3, the model flap
lift Is given by:

LF =266, 1b (AL)
Since the effect of flap deflection is assumed to generate additional
lift, it follows that the total 11ft is given by:

L=l + L (As5)

where L = total lift

LP = lift at zero flap deflection for given speed,
trim and wetted length, referred to briefly
as '""planing 11ft"

LF = additional 1ift due to flap deflection at
same speed, trim and wetted length, referred
to brlefly as "flap 1ift"
Since at 14,82 fps the flap lift is known from Equation Al (or more
generally from Equation A3) 1t follows that the planing, or zero-flap-
deflection ilft is given by:

Lp =L - 2.6 § (A6)

This equation may be used to reduce the rough water 1ift data to zero

flap condltlons. For example, Runs 31, 37 and 55 at 14,82 fps (Table A2.5)
where all rough water runs made with 5 degree flap deflection, hence with
13 1b of flap lift and, since the total lift was 31 1b, therefore with

18 Ib of planing lift, The data from these runs is shown on Figure A5,
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The dashed part of the curve is interpolated from the caim water data
shown on Figure A3, Another example from data taken «ith L degree flap
deflection at 31 1b load and 5 degree flap deflection at 33.8 Ib load

is included on the lower part of the same figure,

It is considered that the correspondence between the zero-flap
calm water data and the flapped rough water data shown on Figure A5
demonstrates a satisfactory analysis of the 1ift characteristics in

calm and rough water and of the flap lift effects.
Flap Drag

The added drag due to flap deflection was established in a
similar manner to that used to determine flap lift. For a planing craft
with zero flap deflection the total drag is made up of induced drag,

friction drag, form or profile drag and added drag in waves:

D =D, + D+ op +0_, (A7)

The induced drag is equal to the lift times the tangent of the trim angle
and, borrowing a term from aircraft performance, the remaining drag is
referred to as parasite drag. Hence, recalling that with zero flap

defiection L = LP g

D = Lp tanT + Dz (AB)

where LP = total 1ift with zero flap deflection

D =D
z

£t Dp + Daw

When, at the same trim and wetted length, the flap is deflected both the

1ift and drag is increased and hence:

D= (LP + LF)tanr +0,+ 0, (A9)

The flap drag is therefore the increase in parasite drag due to fiap

defiection,

In the study of planing surfaces with trim f!apsu the fiap drag
was expressed in the form:
L F
D 1 2
F 5 v SF

c = b §(T+8) (A10)
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and it was also shown that

Cp = 00522 C  (w+0) (A11)
F F
Substituting the value of CL for the MCDEC flap, from Equation A3, it is
expected that: F
G - .000177 & (7+8) (A12)

F

Comparison with the calm water data in Tabie Al coniirmed that Equation Al2
did adequately represent the flap drag. This fact tends to confirm the
generality of the expression for flap drag given by Equation All which

was developed in the course of a basic study of flap effects“.

The application of Equation Al2 is discussed in the next section.

Rough Water Drag

The rough water drag data obtained at 14,82 fps is shown on
Figure A6 in the form of parasite drag (D - Ltant) as a function of the
wetted length SKWL. The increase in parasite drag due to flap deflection
is quite apparent. When the flap drag given by Equation AI2 is subtracted
from this data, the data is collapsed into a single curve as shown on
Figure A7, This collapse confirms the applicability of the equation for

flap drag, Equation Al2.

1t has previously been shown that the calm water parasite draq is
a function of wetted length only3. The presentation in Figure A7 shows
that the same is true of the rough water parasite drag. This observation
eliminates the need to identify the added drag in waves in carrying out
the resistance expansion, It may be noted, however, that whereas the
calm water parasite drag is proportional to the square of the speed, the
same is not true in rough water because the added drag in waves obeys a ]
differant law,

A-8
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